Background and Aims: Dentists perform color-match process during indirect and direct restorations. Color research has shown that shade guides do not always match the color of natural teeth. Moreover, visual evaluation of dental colors has been found to be inconsistent and unreliable. In fact, it has always been important when using different shade guides. Our purpose in this study was to compare shade selection using two shade guide systems of Vitapan Classical and 3D Master by dental students of Tabriz University of Medical Sciences. Materials and methods: In this analytical, cross-sectional descriptive study, 20 male and 20 female senior dental students with a little clinical experience in working with shade guides were selected. Each student used two shade guides (Vitapan Classical and 3D Master) separately for shade matching. Shade selection was randomly repeated one week later by the same protocol. T-test was used to compare repeatability of color matching (α=0.05). Comparison of the repeatability percentage was done with t-test. Results: Comparison of repeatability percentages of shade matching irrespective of gender showed that percentage of repeatability of shade match in 3D Master system was significantly high (P=0.00). In addition comparison of repeatability means of shade match with different shade guide systems on the basis of gender showed no significant differences (P=0.68). Conclusion: In general, the repeatability percentages of shade matching in 3D Master system was high and shade matching in females with this system was not different than males.
Introduction
Given the increasing number of patients demanding esthetic dental treatments and an increase in the mean age of the population, leading to an increase in the number of patients needing prosthetic treatments, it is very important to have knowledge about variations in the colors of natural teeth and the efficacy of shade guide systems in meeting the esthetic needs of patients (1) .
Color identification is very difficult, which requires not only knowledge but also it is considered an art (2) . Matching the color of restorations with that of teeth is one of the most difficult issues in restorative dentistry. 3 In some restorative or prosthetic treatments all the artistic factors are observed but the treatment ends in failure due to errors ion color selection and matching steps. A mismatch between the color of the restored tooth and that of the other teeth might result in extra costs to replace the restoration or the prosthetic appliance at the expense of the dentist, patient dissatisfaction and unfavorable consequences for the reputation of the dentist (4).
Wasson et al (5) reported that color selection is an important and vital procedure in restorative dentistry but dentists are never tested on color selection. Wasson carried out a study on 150 dentists (75 males and 75 females) to evaluate color selection for porcelains. The results showed that 9.3% of male dentists had problems with color selection, with none of the female dentists having such a problem, indicating potential weaknesses in some dentists in this respect. It was suggested that the easiest technique to solve such a problem is to use mechanical tools or to adopt a restorative approach.
Gear et al (6) reported that the difference between the shade guides and the natural colors of teeth should be minimized to decrease such problems. To this end, Geary carried out a study to determine whether there were differences between individuals who used the same shade guide or not. A total of 70 dentists were included in the study and considering the existing match between the shades suggested by the manufacturers and the shades selected by the dentists, it was concluded that dentists have different concepts about colors.
Cartsen (7) reported that dentists should be familiar with the intrinsic and extrinsic factors affecting human vision for correct shade selection. The study showed that objects only reflect the light that has been projected on them and the eye can distinguish the hue, the value and the chroma of the reflected light. Therefore, light with correct intensity is a prerequisite for correct color selection.
A study showed that the sunlight is the most appropriate light for shade selection; however, it is not possible to provide adequate sunlight in all the occasions. Therefore, suitable artificial light should be used. In addition, it was reported that dentists who had incorrect shade selection were unable to distinguish colors properly. In fact, all the men suffer from color vision confusion to some extent, which might be permanent or temporary (8) .
Burak et al (9) carried out a study with the use of Vitapan shade guide. They asked 13 male and 22 female restorative dental students to select shades with the use of this system. Based on the results, no significant differences were observed in the accuracy and repeatability between students with the use of this shade guide.
Another study on the clinical efficacy of Vitapan Classical and 3D Master shade guides showed that the crowns undergoing shade selection with the 3D Master shade guide could be cemented without the need for any shade
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Advances in Bioscience & Clinical Medicine modification; however, 17% of restorations that had undergone shade selection with the Vitapan Classical shade guide required some shade modification (10) . In addition, another study showed clinical differences between 3D Master and Vitapan Classical shade guides in evaluations carried out on general dental practitioners and prosthodontists with at least 14 years of experience under standard conditions; repeatability of shade selection in general dental practitioner with the use of 3D Master was significantly higher than that with the Vitapan Classical shade guide. However, prosthodontists did not exhibit such a difference (11).
Ghahramani et al (12) carried out a study to evaluate the repeatability of color selection with the use of Vitapan Classical and 3DMaster shade guides by 10 male and 10 female 6th-year dental students and reported no significant differences in the repeatability between these two systems.
Sometimes two objects (e.g. tooth shade guides) exhibit the same shade under one light source such as natural light, but they exhibit differences under a different light source, e.g. artificial light. This phenomenon is referred to as metamerism and should always be taken into account (13) .
Studies have shown that clinicians with less experience exhibit greater success in correct color selection with the use of shade guides that have been organized in a systematic manner, such as the 3D Master shade guide (14) . In addition, 3D Master exhibits the least visual errors compared to Vitapan Classical (11).
Egger (14) showed that natural teeth can be classified into three color groups using spectrophotometric analyses: yellow, orange and red. In addition, apart from differences in chroma, there are differences in value, too. Therefore, in determining tooth color, the chroma and value should also be taken into account in addition to hue. The color match between the teeth and restorations is one of the most important factors in achieving esthetic results. The color match of a shade selection system is the strong point of that system, reflecting the standardization of matching of the color samples in that system. In previous studies human tooth samples have been used to determine the accuracy of color selection by dental students or dentists. However, no studies are available in which the color determination accuracy of the shade guides themselves have been evaluated. Therefore, the present study was undertaken to make the students familiar with the practical aspects of color science and also determine which shade guide systems exhibit a higher degree of standardization and coordination. In this study, the Vita Classical and 3D Master shade guide systems were used and compared by dental students in Tabriz Faculty of Dentistry.
Materials and Methods
The subjects in the present cross-sectional, analytical descriptive study consisted of dental students in Tabriz Faculty of Dentistry. The sample size was determined at 40 students based on previous studies (12) and by considering α=0.05, a test power of 80% and 80% of correct selection of color. Twenty male and 20 female subjects were included in this study in a random manner.
The inclusion criterion was the last-year (12th semester) dental students. The exclusion criteria consisted of age under 20 or over 39, unwillingness to take part in the study and affliction with color blindness as determined by Ishihara test. Two shade selection systems, Vitapan Classical and Vita 3D Master (Vita Zahnfabrik, Germany), were used for the purpose of the study. Seven shade/color samples were randomly selected from each system, which included A1, A4, B2, B3, C2, C4
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and D3 from the Vitapan Classical system and 1M2, 4M3, 4L1.5, 2M2, 3M1, 4R1.5 and 2R1.5 from the 3D Master system. Then the shades/colors of both systems were placed, randomly and separately, on the periphery of a rotating plate (Figure 1 ) and the shade codes were covered with a tape and only each shade's tab was left visible. The procedural steps were carried out in a room measuring 3×4 m, specially prepared for shade selection with grey floor, ceiling and walls, with controlled lighting conditions, i.e. standard fluorescent light (day light, 65000k). Each observer (student) was asked to determine the shades of the Vitapan Classical samples on the rotating plate with the use of the 3D Master shade guide, and vice versa, from 10 a.m. to 2 p.m. while sitting with his/her back toward the window. The color determination procedures were repeated after a week due to the subjective mature of the color determination procedure. However, the second time the order of the shade samples was changed on the rotating plate to prevent the students from using their memory to determine shades. It should be pointed out that the subjects were instructed in how to use the two shade selection systems one week before the study was actually initiated.
In addition, during the intervals between the shade determination procedures the students were asked to look at a blue plate to prevent eye tiredness (8) . The shades determined by the students for each test shade were separately recorded for each system in the relevant questionnaires.
After the tests were completed, the repeatability percentages of shade determination for each system were calculated for each group using the following formula:
Comparison of the repeatability percentage was done with t-test.
Results
The means repeatability percentages of shade selection by male subjects were 47.1% and 56.9% with the Vitapan Classical and 3D Master systems, respectively. These means in the female subjects were 54.7% and 69.1%, respectively. The overall percentages of correct shade selection were 46.4% and 63% with the use of Vitapan Classical and 3D Master systems, respectively. These mean percentages show that the repeatability percentages of color matching were better in the 3D Master better than the Vitapan Classical system (P<0.05). In general, statistical analyses showed significant differences between the Vitapan Classical and 3D Master shade guides, with the latter exhibiting higher repeatability rate compared to the former.
Comparison of the accuracy of selections made by males and females in each of the shade selection systems showed that in none of these systems there were significant differences between males and females.
Discussion
There is an increase in the community members' attention to and interest in having teeth with esthetic appearance with an The science of colors is considered an important tool in achieving this aim and obtaining the best esthetic results from treatments. As a result, color is considered an important subject in the dental field (11) . However, the concept of color is difficult in different subjects, not only requiring knowledge, but also considered an art (2) .
Considering what was discussed above and based on the results of previous studies, it is obvious that determining and understanding color is under the influence of various factors and such a concept is not the same between clinicians, with the shade selection system playing an important role in selecting a correct shade/color (11) . Although the shade guide systems do not completely reflect the colors/shades of natural teeth, they are still considered the chief tools for the evaluation and selection of color in clinical dentistry (11) .
One of the most commonly used shade guide systems used in Iran is the Vitapan Classical system. Considering the limitations of this shade guide, the manufacturer has recently introduced a new shade guide with higher efficacy, referred to as Vitapan 3D Master, which has been used and evaluated in recent research (16) .
In the present study, the Vitapan Classical and Vita 3D Master shade guide systems were used and shade selection was carried out in a 3×4 room, with grey walls and ceiling under controlled lighting conditions (standard fluorescent light, day light, 65000k).
The results of the present study showed significant differences between these two shade guide systems, irrespective of the subjects' genders, with the 3D Master system exhibiting higher repeatability compared to the Vitapan Classical system (P=0.00), consistent with the results of a study by Hamad et al (11) and contrary to the results of a study by Ghahramanlou et al (12) .
Given the advantages of the 3D Master shade guide system, including ease and the step-wise nature of procedures and separation of color components in different stages of color/shade selection, compared to the Vitapan Classical system, it appears it is easy to use this system (11, 17) . Therefore, clinicians with less experience and dental students can select colors with more accuracy and can avoid shade correction at the end of the procedures by using a system that guides them in a systematic and adjusted manner during shade selection procedures (11, 17, 18 (20) .
In the present study, statistical analyses did not reveal any statistically significant differences in the ability of male and female subjects in selecting the correct shade with the use of both shade guides; however, males exhibited higher shade compatibility with the use of the Vitapan Classical shade guide Curd et al (21) carried out a study on shade matching by dental students with the use of two different light sources and reported no significant differences in the ability to match shades between male and female students, consistent with the results of the present study.
In addition, since shade selection depends on many factors, including lighting conditions and the color of the environment, the eyes of the observer and mental and psychological factors, it has been suggested that dentists seek help from their assistants or use newer tools for shade matching, such as Vitapan 3D Master and spectrophotometric and colorimetric techniques for better and more accurate shade matching (22) . Furthermore, it has been suggested that in future studies all the subjects be tested with the use of Munsell color sphere to achieve better shade match results (22) .
Finally, it is suggested that lessons and courses be included in the syllabi of the general dentistry course in relation to colors and light to make dental students more knowledgeable in tooth shade matching.
Conclusion
Based on this study, it can be concluded that the repeatability percentages of tooth shade selection were significantly higher with the use of the 3D Master shade guide, with no difference in males and females color recognition.
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